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0 IMethod and apparatus for thermal printer temperature control. 



@ A method and apparatus are provided for control 
of the temperature of a thermal print head (12). 
Thermoelectric heat pumps (18) are used to cool the 
thenmal print head (12), which does not cool t>e- 
tween cycles sufficientiy below the threshold tem- 
perature for the thermal paper or thermal transfer 
ribbon being used, due to the heat build-up, particu- 
larly during high-speed operation. A sensed thermal 
print head temperature is digitized by an analog-to- 
digital converter (54) and compared to a reference 
temperature for a determination of whetiier or not 
operation of the heat pumps (18) should be initiated 
or hatted. 
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METHOD AND APPARATUS FOR THERMAL PRINTER TEMPERATURE CONTROL 



This invention relates to a method of controlling 
the temperature of a thermal print head. 

This invention also relates to apparatus for 
controlling the temperature of a thermal print head. 
Thermal printers have found widespread use in 
a number of applications because of their advan- 
tages, which include non-impact operation and very 
low noise level The utility of thermal printers gen- 
erally has been somewhat limrted. however, due to 
relatively low oporating speed. In large part, this is 
caused by thermal inertia; that is, when the individ- 
ual thermal elements of a thermal printer, such as 
one of the dot matrix type, for example, are heated 
to the temperature necessary to produce the de- 
sired recording on the record medium on which 
printing is to be effected, a time interval for cooling 
Is necessary before the thenmal printer matrix can 
be used for the next operation; otherwise spurious 
recording will result from elements which have not 
cooled below a critical temperature. Particufariy 
during high speed printing, peak temperatures of 
the print elements become higher and higher as 
time passes when sufficient cooling time is not 
allowed between bums. After a short: time in such a 
situation, the temperature values reached at the 
end of the cool period could be above the thresh- 
old temperature of the thermal paper or thermal 
transfer ribbon being used with the printer, 

U.S. Patent No. 4,386.360 discloses- a thermal 
printing head having heat generating elements ar- 
ranged on a ceramic insulating substrate. The sub- 
strate is in contact with a heat sink which can be 
preheated prior to a printing operation by a heating 
unit A thermal sensor detects the temperature of 
the heat sink to provide a signal to a control device 
for the heating unit whereby the heating unit is 
operative until a predetermined temperature is re- 
corded. In one embodiment the heating unit in- 
cludes a Pettier effect device which can also op- 
erate as a cooling unit rf the direction of current 
therethrough is reversed. 

It is an object of the present invention to pro- 
vide a method and apparatus for continuous, ac- 
curate control of the temperature of a thermal print 
heat, whereby a high-speed printing capability may 
be achieved. 

Therefore, according to one aspect of the 
present invention, there is provided a method of 
controlling the temperature of a thermal print head, 
characterized by the steps of: sensing the tempera- 
ture of the thermal print head; converting the 
sens d temperature from an analog to a digital 
value; comparing tiie digitized sensed temperature 
with a reference temperature; setting a storage 
device wh n the s ns d temperature exceeds the 



reference temperature to cause said storage device 
to retain this information; activating a switch when 
said storage device is in a set condition; operating 
cooling means in response to the activation of sard 
5 switch to cause cooling of said thermal print head; 
continuing to sense, convert and compare the tem- 
perature of the thermal print head with said refer- 
ence temperature; and resetting said storage de- 
vice to deactivate said switch and thereby termi- 
10 nate operation of said cooling means when the 
sensed temperature drops below the. reference 
temperature. 

According to another aspect of the present 
invention, there is provided tiiermal printing appara- 
15 tus, including thermal print head means capat>le. 
when heated to a sufficient degree, of producing 
markings on a record memben sensing means 
adapted to sense the temperature of the thermal 
print head means; and cooling means located in 
20 operative relation to said thenmal print fiead means 
and capable of cooling said thermal print head 
means, characterized by: analog-to-digital conver- 
sion means adapted to convert the sensed tem- 
perature to a digital temperature value; processor 
25 means including memory means In which a refer- 
ence temperature is stored and also including com- 
parison means adapted to periodically compare 
said digitel temperature value with said reference 
temperature; and a storage device adapted to op- 
30 erate said cooling means when the sensed tem- 
perature exceeds the reference temperature, and to 
terminate the operation of said cooling means 
when the sensed temperature Is reduced to the 
reference temperature or fc^elow. 
35 One embodiment of the inventi'on will now be 

descrik>ed by way of example with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a bk)ck diagram showing the i3asic 
components which comprises tiie system of th 
40 present invention. 

Fig. 2 is a plan view of a thenmal print hesd 
embodying a thermoelectric heat pump. 

Fig. 3 is an elevation view of the thermal 
print head, taken along line 3-3 of Rg. 2. 
45 Fig. 4 represents a performance chart for a 

commercially available thermoelectric heat pump. 

Rg. 5 is a cross-sectional view of a thermal 
printhead element 

Rg. 6 Is a diagram of an electrical circuit 
50 analog representation of the thenmal primh ad 
physical structure. 

Rg. 7 is a diagram of a control circuit for 
operation of the thermal printhead temperature 
control system of the pres nt invention. 
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Rg. 8 is a diagram tilustrating the effect of 
temperature build-up during high speed printing 
when an element is not given sufficient time to 
cool. 

In the present embodiment a closed-loop tech- 5 
nique is employed for controlling the unwanted 
temperature build*up which can occur during the 
course of high-speed thermal printing in the opera- 
tion of a plurality of thermal printhead elements. 
This closed loop control is achieved by attaching a io 
thermoelectric heat pump directly to the heat sink 
of a thermal print head and controllably modulating 
the base temperature of the heat sink to allow rapid 
dissipation of any temperature build-up within the 
thermal print Head due to high-speed operation. 76 

Referring now to the drawings, shown in Rg. 1 
Is a block diagram illustrating the various compo- 
nents which comprise the closed loop system. A 
thermal print head structure 12 comprising a ce- 
ramic substrate 22 and a metal heat sink 20 is 
operated through a suitable interface circuit 15 
shown in Rg. 1 as connecting a plurality of inter- 
connecting lines 17 comprising power, ground, 
serial data line, clock, latch, and thermistor tem- 
perature sensor lines extending between the prin- 
thead 12 and the control microprocessor 14. The 
printhead elements 24 are shown in end view and 
will customarily be controlled by a plurality of on 
board transistors, one for each individual thermal 
print head element, which are In turn operated 30 
under control of a data processing system and 
suitable data storage device such as registers and 
flip flops. A temperature sensor 10 embedded in 
the thermal print head structure 12 flush with the 
ceramic substrate 22 indicates to a control micro- as 
processor 14 the present temperature of the ther- 
mal print head structure 12. If this temperature 
exceeds a predetermined limit specified in a read- 
only memory of the microprocessor 14, the micro- 
processor sends an "on" command to an elec- 4o 
tronic switch 16, which activates a thermoelectric 
heat pump 18. The themnoeiectric heat pump then 
remains on, cooling the thermal print head struc- 
ture 12, until the temperature sensed by the sensor 
10 drops below the value which is preset in the 
read-only memory of the microprocessor 14, 
whereupon the microprocessor sends an "off" 
command to the electronic switch 16. which in turn 
causes the thermoelectric heat pump 18 to cease 
operation. 

Since the thermoelectric heat pump constitutes 
an important aspect of the present invention, a 
further description of this device is believed to be 
in order. Thermoelectric heat pumps are solid-state 
devices with no moving parts. With a suitable elec- 5S 
trical power input, they pump heat from one side of 
the device to the other. Available in a variety of 
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shapes and sizes. Including some sufficiently small 
to fit on an Integrated circuit chip, they provide a 
means for cooling objects well below ambient tem- 
p ratures. 

Thermoelectric heat pumps of)erate upon the 
principle of the Peltier effect. Briefly stated, this is 
that the passage of an electrical current through 
the junction of two dissimilar conductors can either 
cool or heat the junction, depending upon the di- 
rection of the current. Heat generation or absorp- 
tion are proportional to the magnitude of the cur- 
rent and are dependent upon the temperature of 
the junction. 

At open circuit, the thermoelectric module acts 
like a simple thermocouple. A temperature gradient 
maintained across the device creates a potential 
across its terminals which is proportional to the 
temperature differential. If the temperature differen- 
tial is maintained, and if the device Is connected to 
an electrical load, power is generated. If, instead, 
the device is connected to a DC source, heat will 
be absorbed at one end of the thermoelectric mod- 
ule, cooling it, while heat is rejected at the oth r 
end, where the temperature increases. Reversing 
the current flow reverses the flow of heat, so that 
the module can generate electrical power, or, de- 
pending upon how it is connected to external cir- 
cuitry, heat or cool an object. 

In determining the choice of a thermoelectric 
heat pump, the two key variables which must b 
known are, first, the quantity of heat which will be 
generated by the active thermal print head heat 
source, and, second, the maximum temperature 
difference which will exist between the cooled th r- 
mal print head and the ambient environment For 
tiie illustrated embodiment of the invention, it will 
be assumed that the thermal print head employed 
includes 320 electro-resistive elements, of which no 
more than 196 elements may operate simulta- 
neously at any one time: for which the power 
dissipation is 0.85 watts per element; and for which 
the useful power transmission efficiency is 90%. A 
ten percent total internal power consumption of 
approximately 16.7 watts would thus be expected. 
Let it be assumed that the thenmal print head heat 
sink will be maintained at 30 degrees C and that 
the thermal print head carrier frame design will be 
maintained at 50 degrees C, which is considered to 
be 10 degrees C above an ambient temperature of 
40 degrees, which is typical of the temperature 
found in the confined quarters of some printer 
modules. Therefore the thermoelectric heat* pump 
must pump heat from the thermal printhead heat 
sink to the thermal printhead carrier frame. 

Referring now to Rgs. 2 and 3. the thermal 
printhead 12 shown there includes a heat sink 20 
of suitable material, such as aluminum; a ceramic 
layer 22 containing a line of resistive lements 24, 
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and a temperature sensor 10. The thermal prin- 
thead 12 is secured to a thermal printhead carrier 
frame 26 by suitable fastening means such as 
projections 28 which extend from the heat sink 20 
and are engaged In apertures In the frame 26. 

A further aperture Is provided In the carrier 
frame 26 to receive one or more thermoelectric 
heat pumps 18. The heat pump 18 may be at- 
tached directiy to the back of the heat sink 20 in 
any suitable manner. It may» for example, be pres- 
sure clamped between the heat sink 20 and the 
frame 26, in which case the flatness of the heat 
sink 20 should be better than plus or minus 0.025 
mm (0.001 Inch). Alternatively, the heat pump 18 
may be epoxied or soldered to the back of the heat 
sink 20. 

A thin sheet of thermal insulation 30, such as 
polyuretiiane, separates the thermal print head heat 
sink 20 from the frame 26 in order to minimize the 
leakage of heat from the warmer carrier frame 26 
to the cooler heat sink 20. 

Heat leakage increases proportionately with a 
cooled object's surface area and decreases propor- 
tionately as the thickness of isolating Insulation 
increases. The overall rate of change of heat leak- 
age is also dependent upon the temperature dif- 
ferential between the cold and hot surfeces. There- 
fore in determining the total heat load which a 
thermoelectric he^t pump must transport, not only 
the active heat source of the thermal print head 
elements must be considered, i3ut also the heat 
leakage associated with a specific mechanical con- 
figuration. 

As previously noted, a total active heat load Qc 
of 16.7 watts for the illustrated embodiment is 
expected. In addition, a heat leakage of approxi- 
mately 3.3 watts is estimated, producing a total 
heat load Qch of 20 watts. 

Using the previously assumed temperature dif- 
ferential of 20 degrees C. it is now required to 
determine the thermoelectric heat pump's operat- 
ing cunent and voltage, the number of thermoelec- 
tric heat pumps needed, and the amount of heat 
rejected, Qh. which is the arithmetic sum of the 
transported heat load Qch and the input electrical 
power dissipated in the heat pump. 

Rg. 4 illustrates a typical performance chart for 
a commercially available thermoelectric heat pump. 
This chart shows the relationship between the heat 
absorbed at the cold side, Q o versus operating 
current The chart also shows the thermoelectric 
heat pump's coefficient of performance. COP, ver- 
sus operating cunrent The running variable is the 
difference in temperature fc>etween the hot and cold 
sides. Note that COP is defined as the ratio of 
QcHto electrical power in, and can therefore be 
great r than 100 percent, since the electrical power 
is used primarily to transport heat 



For the preferred emljodiment in which 
QcHequals 20 watts, and in which the temperature 
differential equals 20 degre s C, it is noted that a 
single thermoelectric heat pump could not handle 
5 the entire load, since the maximum heat load trans- 
portable by this heat pump at a temperature dif- 
ferential of 20 degrees C is approximately 12 watts. 
Accordingly, more than one thermoelectric heat 
pump is required ta transport the heat load Qc . 

TO Space constraints in the illustrated embodiments of 
the thermal print head allow no more than three 
heat pumps 18 to reside at the rear of the thermal 
print head 12. 

Considering first the case in which two heat 

75 pumps are used, each pump 18 must pump at 
least half of (Qc + HEAT tEAK) equals Qcr- Qc 
equals Qcr /2, equals 20/2. equals 10 watts. Based 
upon the Qc of 10 watts and a temperature dif- 
ferential of 20 degrees C, a 5.6 ampere operation 

2o of each pump is predicted, and the coefHcient of 
performance is found to be 65 percent Then tfre 
total electrical power consumed by the two pumps 
is P equals (Qc/COP) N, equals (10/0.65)2, equals 
30.77 watts. With the two modules connected elec- 
ts trically in series, V equals P/I. equals 30.77^5.6, 
equals 5.5 volts. The total heat rejection is QH 
equals (Qc x N) + P. equals 10 x 2 + 30.77. 
equals 50.77 watts. Required thermal resistance of 
^ the heat sink equals (TH-TA)/QH, equals (50-40)- 

30 mo:77, equals 0.197 degrees C per watt. 

Considering the case in which three heat 
pumps are used.'Qc equals Qci^, equals 20/3. 
equals 6.67 watts. From Rg. 4, I equals 3.TO amps; 
also from Rg. 4. COP equals 101 percent P equals 

35 (6.67/1-01)3, equals 19.8 watts. V equals 19.8A3.75 
equals 5.3 volts. QH equals 6.67 x 3 + 19.8, 
equals 39.8 watts. Required thermal resistance of 
the heat sink equals (50-40)/39.8. equals 0.251 
degrees C per watt It wll thus he seen that th 

40 disadvantage in utilizing a third heat pump is a 
reduction in operating current by 1.85 amperes and 
a 10 watt drop in dissipated power. Requir ments 
for the thermoelectric heat pump are thus for a 5.3 
volt source capable of providing 3.75 amperes of 

45 current 

In a simplified design for the system, the am- 
bient temperature is not measured. Instead, a worst 
case temperature differential of 20 degrees C is 
assigned. The thermoelectric heat pumps 18 are 

50 simply turned on until the temperature monitored 
internally in the thermal print head 12 drops t>ek>w 
a predetermined value. 

An understanding of the manner in which a 
thermoelectric heat pump can control the reference 

55 temperature of a th rmal print head is facilitated by 
the dev bpment of a model in which the thermal 
print head physical structure is represented by 
electrical circuit components. 
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Rg. 5 is a cross-sectional view of a typical 
thermal print fiead element 24. A thermal printhead 
electroresistive element 36. which may be fab- 
ricated from Ta2N, is positioned above a hemi- 
spherical raised partially glazed portion 38, which 5 
may be of glass, of a substrate 40. which may be 
of 96 percent AI2O3. The substrate 40 in turn is 
bonded to the heat sink 20, which may be of 
aluminum. An aluminum electrode lead 42 is bon- 
ded to the element 36, and a first protective layer 70 
44 of SiOj is placed thereover, with a second 
protective layer 46 of TajOs being placed over the 
layer 44. Each electroresistive element 24 of the 
thermal printhead 12 has an area which is substan- 
tially equal to. or a sub-multiple of. the desired 75 
incremental area of each character segment to be 
printed. 

The element area referred to above therefore 
has a certain thermal mass which may be modelled 
in the analog circuit representation of Rg. 6 as an 
electrical circuit capacitor designated as Celement- 
The constant electrical current which is passed 
through the element 24 for the duration of the bum 
period is modelled in Rg. 6 as a current source 
Iburn- The heat pulse generated by the current 
source is transmitted to the receiving document 
and/or thermal transfer ribbon and lost to some 
extent to the surrounding air, and is also conducted 
through the thermal resistance separating the ele- 
ment 24 and the substrate 40 through to the ther- 
mal mass of the substrate 40. The boundary be- 
tween the thermal element mass and the outside 
air is represented in Rg. 6 as electrical resistor Rg. 
A. E-A representing element to air. The boundary 
between the thermal element mass and the docu- 3S 
ment is represented in Rg. 6 as electrical resistor 
Re-d. E-D representing element to document. The 
boundary between the thermal element mass and 
the substrate is represented In Rg. 6 as electrical 
resistor Re.s. the E-S representing element to sub- 4o 
strate. The thermal mass of the glaze substrate 40 
Is modelled by a capacitor Csubstrate . 

The heat which is conducted through to the 
glaze substrate 40 is further conducted through the 
thenmat resistance between the substrate 40 and 45 
the heat sink 20, and lost to the surrounding air. 
The thermal resistance between the substrate 40 
and the heat sink 20 is modelled by an electrical 
resistor Rs^, the S-H representing substrate to 
heatsink. The boundary between the substrate and so 
the surrounding air is represented in Rg. .6 as 
electrical resistor Rs-a. the S-A representing sub- 
strate to air. The thermal mass of the heat sink 20 
is represented in Rg. 6 by a capacitor Cheatsink- 
The heat sink 20 will radiate some of its absorbed 55 
heat to the surrounding air. as modelled by the 
electrical resistor Rh.a. the H-A representing heat 
sink to air. Since the heat sink 20 is substantially 
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prevented from conducting any of its absortsed 
heat to the surrounding frame structure 26 by the 
presence of the insulating layer 30, an electrical 
resistor Rh-f . (H-F representing heat sink to frame), 
is not featured in the analog circuit representation 
of Rg. 6. 

The surrounding air temperature is modelled in 
Rg. 6 by a varying voltage source Vair. The heat 
sink 20 will either be connected to a passive 
(turned off) thenmoelectric heat pump 18 which is 
modelled by a capacitor Cte and a resistor R te-a - 
(referring to heat pump to air) or will be connected 
to an active (tumed on) themnoelectric heat pump 
18 modelled by a reverse polarity battery V-rn and 
a resistor RH.7E(referring to heat sink to heat 
pump). A two-position switch 50 in Rg. 6 repre- 
sents the capability of selection, in Inclusion of the 
battery Vrerepresenting an active heat pump 18. 

The thermal mass of the receiving thenmal pa- 
per or thermal transfer ribbon is represented in Rg. 
6 by a capacitor Craper* The objective, in terms of 
the representation of Rg. 6, is to produce sufficient 
charge (heat) to exceed the threshold voltage 
Vthreshold. representing the transfer or print tem- 
perature. 

It will be seen from (i^yslcal considerations 

tiiat: 

CeLEMEItfT <^ CpAPER CsUBSTRATE < ChEATSINK 

It will also be seen that 

R E^ is approximately equal to Rs.a' is approxi- 
mately equal to Rh.a> 
and that: 

Re-d <^ Rs-H < Re-s ^ Re»a- 

The absolute values of the above parameters 
will be process and mechanism independent. 

The discharge or cooling time (that is. the time 
taken to retum to ambient temperature conditions) 
is generally longer than the bum time. Reference to 
the diagram of Rg. 6 will show that the capacitor 
Celememt >s charged directiy by the external current 
source Iburn* whereas once Iburn is removed dur- 
ing the COOL period, 

^ELEMENT must dischargo 
through the effective impedance of the entire sys- 
tem, which, of course, has a much longer time 
constant. 

An important aspect to be remembered in con- 
sidering the modelled analog circuit representation 
.of Rg. 6 is that although a more common slow 
speed printing application permits sufficient time 
for the circuit capacitances (thermal masses) to di- 
scharge and repeatedly start from an "ambient- 
level, as the repetition rate increases there will 
come a time when sufficient voltage at the initial- 
ization of each cycle will become greater. The 
effect of this on the element temperature is illus- 
trated in Rg. 8. However it is possible to com- 
pensate for this insufficient decay time by introduc- 
ing a voltage source of opposite polarity and suffl- 
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cient magnitude (V th, representing an active ther- 
moelectric heat pump) that the charge (heat) is 
removed from Cheatsink and Csubstrate so that 
Celememt is charged principally from Iburn- 

Rg. 7 Illustrates one system control circuit im- 
plementation which can be derived from the block 
diagram of Rg. 1. The temperature sensor 10 may 
suitably be implemented as a 10,0G0-ohm ther- 
mistor which is placed in a circuit which also in- 
cludes a 10,000-ohm fixed resistor 52 and which 
extends from a plus 5-volt source of potential to a 
ground connection. From a point between the ther- 
mistor 10 and the resistor 52. a path extends to an 
analog-to-digital converter 54, which may be of 
type ADC0809, manufactured by National Semi- 
conductor Corp. of Santa Clara, California. The 
anaIog4o-digital converter 54 has appropriate ter- 
minals connected to + 5 volts and ground, and also 
has outputs 56 coupled to the microprocessor 14, 
which may be type 8051. manufactured by Intel 
Corporation. Santa Clara, California, for providing 
digital data thereto after said data has been re- 
ceived in analog form from the thermistor 10. A 
START CONVERT line 58 extends from the micro- 
processor 14 to the analog-to-digital converter 54, 
so that the microprocessor 14 can periodically 
monitor the thermistor 10, to determine when the 
established 30 degree C reference temperature has 
been exceeded. The 30 degree C reference tem- 
perature may be stored in a suitable memory loca- 
tion in the microprocessor for comparison with the 
temperature sensed by the thermistor 10. 

When information is conveyed from the ther- 
mistor 10 to the microprocessor 14 via the analog- 
to-digltal converter 54 that the reference tempera- 
ture has been exceeded, the microprocessor trans- 
mits signals over tines 60 to cause the output of a 
fllp-fiop 62 to be switched to a "low" level. The flip- 
fiop 62 may be of type 74C74, manufactured by 
Texas Instruments. Dallas, T^cas. and has appro- 
priate terminals connected to a source of plus 12 
volts and to ground. The output of the flip-flop 62 is 
connected to a 1000-ohm resistor 64 and an LED 
66, which is included for display purposes, to the 
negative input of a solid state relay 68, which may 
l>e of type IR S218. manufactured by Intemational 
Rectifier, of El Segundo. California. The positive 
terminal of the relay 6B is connected to a source of 
plus 12-volt potential, and the two AC terminals of 
said relay are connected to the operating circuit of 
the secondary coil 70 of a transformer 72. Said 
operating circuit also contains a fuse 74 and termi- 
nals 76 which are applied to a source of 110 volts 
AC. 60 Hz, 

Two diodes 80 and 82 rectify the low voltage 
AC waveform which appears on the secondary coil 
78 of the transformer 72 wh n the solid state relay 
68 is activated by the flip-flop 62, This rectification 



produces a "constant" 5,5 vofts potential at a cur- 
rent of 4 amperes, which is applied across the 
three th rmoelectric heat pumps 18 to cause them 
to operate to cool the thermal printhead 12. V^^en 

5 sufficient cooling has taken place, the next monitor- 
ing of the thermistor 10 will show that the tempera- 
ture has dropped below 30 degrees C. and the 
microprocessor 14 will tiien trigger the flip-flop 62 
to turn off the solid state relay 68. and thereby halt 

70 operation of the thermoelectric heat pumps 18. 

Other more sophisticated circuits may be con- 
sidered for the control of the tiiermoelectric heat 
pumps 18. should it be desired to supply only the 
power necessary to transport the heat from th 

75 tiiermal print head 12 out to the ambient environ- 
ment This might take the form of an adjustable 
voltage regulator along with a chopper pulsed HEX- 
FET electronic switch to regulate the current flow. 
For the example cited, however, the circuit of Rg. 7 

20 is sufRcient to accomplish the needed cooling of 
the thermal printhead 12. 

It would also be possible to use a circuit similar 
to tiiat of Rg. 7 to heat a thermal printhead If the 
surrounding ambient air is too cool or if the thermal 

25 printhead temperature drops bekiw some specified 
reference zone. Another branch of the same circuit 
could be employed to cool the thermal printhead 
should its temperature rise beyond an established 
point. It will k>e recalled that heating of the thermal 

30 printhead through tbe thermoelectric heat pumps 
merely requires a polarity reversal of the driv 
circuit which is used for cooling of the thermal 
printhead by the thermoelectric heat pump. 

35 

Claims 

1. A method of controlling the temperature f a 
thermal print head (12), characterized by the steps 

40 of: sensing the temperature of the thermal print 
head (12); converting the sensed temperature from 
an analog to a digital value; comparing the digitii^ed 
sensed temperature with a reference temperature; 
setting a storage device (62) when the sensed 

45 temperature exceeds the reference temperature to 
cause said storage device (62) to retain this in- 
formation; activating a switch (68) when said stor- 
age device is in a set condition; operating cooling 
means (18) in response to the activation of said 

50 switch (68) to cause cooling of said thermal print 
head (12); continuing to sense, convert and com- 
pare the temperature of the thermal print head 
(12) with said reference temperature; and resetting 
said storage device (62) to deactivate said switch 

55 (68) and thereby terminate operation of said cool- 
ing means (18) when the sensed temperature 
drops tselow the reference temperature. 
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2. A method according to claim 1, character- 
ized in that cooling means Includes a thermoelec- 
tric heat pump means (18). 

3. A method according to claim 2. character- 
ized in that the step of operating the thermoelectric 5 
heat pump means (18) includes the transforming of 

a voltage associated with said switch (68) to a 
different voltage associated with said thermoelec- 
tric heat pump means (18). 

4. A method according to claim 1, character- io 
ized by the step of providing an indication of the 
status of the operation of the cooling means (18), 

said indication being controlled by the condition of 
the storage means (62), 

5. Thermal printing apparatus, including ther- is 
mal print head means (12) capable, when heated to 

a sufficient degree, of producing markings on a 
record member; sensing means (10) adapted to 
sense the temperature of the tinermal print head 
means (12); and cooling means (18) located in 20 
operative relation to sard thermal print head means 
(12) and capable of cooling said thermal print head 
means (12), characterized by: analog-to-digital con- 
version means (54) adapted to convert tine sensed 
temperature to a digital temperature value; proces- 25 
sor means (14) including memory means in which 
a reference temperature is stored and also includ- 
ing comparison means adapted to periodically 
compare said digital temperature value with said 
reference temperature; and a storage device (62) 30 
adapted to operate said cooling means (18) when 
the sensed temperature exceeds the reference 
temperature, and to terminate the operation of said 
cooling means (18) when the sensed temperature 
is reduced to the reference temperature or below. 35 

6. Thermal printing apparatus according to 
claim 5, characterized in that said cooling means 
Includes thermoelectric hat pump means (18). 

7. Thermal printing apparatus according to 
claim 6, characterized in that said thermal print 40 
head means (12) is secured to a carrier frame (26). 

In that a layer of thermally insulating material (30) 
is disposed between said thermal print head means 
(12) and said carrier frame (26). and in that said 
thermoelectric heat pump means (18) is adapted to 45 
transfer heat between said thermal print head 
means (12) and said carrier frame (26). 

8. Thermal printing apparatus according to 
claim 6, characterized in that said thermoelectric 
heat pump means includes a plurality of tiiermo- so 
electric heat pumps (18). 

9. Thermal printing apparatus according to 
claim 5, characterized in that said storage device ' 
includes a flip-flop (62) controlled by said proces- 
sor means (14) and adapted to store an operating 55 
condition which is independent upon the compari- 
son of the digital temperature value with the refer- 
ence temperature. 



10. Thermal printing apparatus according to 
claim 9. characterized by a relay (68) controlled by 
said flip-flop (62) and a transformer (72), the pri- 
mary of which is controlled by said relay (68), and 
the secondary of which supplies power to said 
cooling means (18). 

11. Thermal printing apparatus according to 
claim 5. characterized by indicator means (66) 
adapted to indicate whether or not said cooling 
means (18) is operating. 
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